Background: Abdominal symptoms are diagnostically challenging to general practitioners (GPs): although common, they may indicate cancer. In a prospective cohort of patients, we examined abdominal symptom frequency, initial diagnostic suspicion, and actions of GPs in response to abdominal symptoms. Methods: Over a 10-day period, 493 GPs in Norway, Denmark, Sweden, Belgium, the Netherlands, and Scotland, recorded consecutive consultations: sex, date of birth and any specified abdominal symptoms. For patients with abdominal symptoms, additional data on non-specific symptoms, GPs' diagnostic suspicion, and features of the consultation were noted. Data on all cancer diagnoses among all included patients were requested from the GPs eight months later. Abdominal symptoms were noted in 129 (25.2%) of cancer patients (P < 0.001), rising to 34.5% for the 89 patients with cancer located in the abdominal region.
Introduction
The medical concept of alarm symptoms or warning signs of cancer (WSC) goes back to the 1940s [1] . Originally developed to inform the public about what to tell their doctors in order to avoid delayed cancer diagnoses, they did not distinguish between populations at higher or lower risk. In general practice, symptoms are frequent and cancers comparatively rare. General practitioners (GPs) take an active part in the diagnostic process of 80-90% of cancer patients [2, 3, 4] . The GP's challenge is to identify patients who potentially have cancer, in order to make expedient referrals to more specialised investigations and care. In recent years, much primary care research has explored the significance of various symptoms in early cancer diagnosis [5, 6] .
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About half of all cancers are in some way related to the abdomen [7] . We undertook an international collaborative prospective cohort study in six northern European countries in 2011-2012, in order to explore the role of specified abdominal symptoms presented to GPs, in relation to suspecting cancer.
In this paper we analyse the frequency of abdominal symptoms in primary care in our cohort, and what patients' GPs thought and did in response to these symptoms, comparing patients who were subsequently diagnosed with cancer with those who were not.
Method

Setting 2.3. Follow up (Time 2)
Participating GPs had consented to providing data on all cancer diagnoses (new or recurring) in their practice. Eight months after the initial registration period, each GP was asked to report all such patients on a standardized proforma. GPs used their electronic records to supply anonymised information about the patients diagnosed with cancer during the follow-up period, regardless of whether they had presented symptoms during the initial survey. We linked sex, date of birth, GP number and date of consultation to the patients registered during the initial 10-days registration. GPs received two reminders.
Data logistics and management
Completed forms were optically read. Each form was manually checked for clarification of unclear or illogical recordings. Free-text comments were recorded manually.
For patients with more than one consultation within the ten day period, the last consultation was used as date of consultation. Symptoms recorded during different consultations were all included, with the longest duration noted.
We distinguished between abdominal and non-abdominal cancers. Included in the abdominal group were: a. Cancers primarily located in the abdomen, i.e. cancers of digestive organs below the pharynx, female genital organs above the vulva, and urinary organs including testis. b. Carcinoids, lymphomas, soft tissue cancers, endocrine tumours, and generalised cancer if, according to the GP's description, they showed some kind of neoplastic manifestation in the abdomen, and extraabdominal types of cancer if initial manifestations were abdominal. All remaining cancers were classed as non-abdominal.
Classification as a recurrent cancer required a period of apparent remission before the time of consultation.
Sample size calculations
A pilot study and incidence data suggested that each GP should encounter zero to two cancer patients during the 10-day registration period. Power calculations in the study protocol, based on estimates of the frequency of abdominal pain in general practice in patients with and without cancer [11] , suggested that about 11000 patients were needed in order to have power of 0.9 to detect differences between cancer and non-cancer patients, with a significance level of 0.05. A sensitivity analysis with a 'worst case' scenario with smaller differences, suggested that 70000 patients could be needed. Statistical analyses were performed using SPSS, version 22, and STATA, version 14. The chi-square test was used to examine differences between groups. MantelHaentzel analysis was used to analyse gradients across groups. Multivariable logistic regression models were applied to estimate associations between cancer suspicion and incidence of cancer. We checked and found no interaction between the independent variables in the models presented. Level of significance was 0.05.
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Results
Study population
Completed questionnaires from 67809 consecutive consultations were received from 493 GPs (84% of those invited, 33-191 from each country). After corrections for multiple consultations, 61802 patients were included in the cohort. Follow-up forms on 707 cancer patients were received from 315 GPs, 640 of whom were matched to a prior patient registration. After exclusions, 511 cancer patients (0.8% of all patients in the study) were included ( Fig. 1) : 441 patients had a new cancer diagnosis, and 70 patients had a recurrent cancer.
Among patients with new cancer, 251 (57%) had abdominal and 190 (43%) nonabdominal cancer. For recurrent cases, these figures were 43 (61%) and 27 (39%), respectively. A previous cancer was noted for 9.7% of symptomatic patients subsequently diagnosed with new cancer, and for 8.3% without cancer.
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The median time to diagnosis for the 441 patients with a new cancer was 101 days, mean 118 days. Sex and age of the patients are shown in Table 1 . Patients aged 75 years or over constituted 17% of all patients and 42% of cancer patients.
Reported symptoms
Abdominal symptoms were recorded in 6264 patients (10.1%) (Fig. 2, Table 2 ). Of these, 307 (0.5%) were diagnosed with a new cancer within the next six months:
with 175 (0.3%) being a new abdominal cancer (Fig. 1) . Table 2 shows number of symptoms for all 511 included cancer patients, including those diagnosed more than six months after their consultation. For 10% of patients, this interval was more than 8 months, with a maximum of 11 months. The proportion of symptomatic patients who were diagnosed with a subsequent cancer did not differ between countries.
Abdominal symptoms were recorded in 100 (34%) of the 294 abdominal cancer patients and in 29 (13%) of the 217 non-abdominal cancer patients (P < 0.001).
There was no statistical difference between male or female patients with cancer, or between new and recurrent cancer. PPV for any cancer given any abdominal symptom was 2.1%. Combinations of symptoms were more frequent in abdominal than in non-abdominal cancer (P < 0.001). The frequency of abdominal symptoms did not differ significantly between patients with non-abdominal cancer and patients without cancer.
Among patients with abdominal symptoms, 1557 (25%) also had general symptoms. Among patients with a subsequent cancer diagnosis this figure was 33%: 35% in patients with abdominal cancer, and 28% for non-abdominal cancer (P = 0.67).
Cancer suspicion in symptomatic patients, and relationship with cancer
The GP's cancer suspicion was raised for 1980 (31.6%) of patients with abdominal symptoms (Table 3) , 782 male and 1198 female: in 29.1% of patients this was based on symptoms, in 16.5% based on clinical findings, and in 17.5% based on the GP's intuition; there was considerable overlap. In most cases, suspicion was slight. "Strong" cancer suspicion was relatively less frequent for symptom-based suspicion than for suspicion based on intuition (P < 0.001), or on clinical findings (P = 0.007).
Cancer suspicion was higher for patients who had a subsequent cancer diagnosis (P < 0.001). For symptom based suspicion, a suspicion was noted for 76 (58.9%) of cancer patients versus 1742 (28.4%) of patients with no subsequent cancer. Any suspicion was present for 65.9% vs. 30.9%, respectively. In 24.8% of subsequent cancer cases, the GP noted no suspicion at the time of consultation.
Differences between countries were modest. GPs in Sweden (40.1%) and Norway (35.3%) tended to have cancer suspicion in a higher proportion of their patients than GPs in the other countries.
A logistic regression analysis based on patients with symptoms, with cancer or no cancer as the dependent variable (Table 4) , showed significant associations with suspicion based on intuition and for increasing patient age, for all subgroups analysed. For all new cancers, male sex was also associated with cancer. A sensitivity analysis with all missing cases set to 'no suspicion' did not change conclusions. There was an interaction between symptom-based and intuition-based suspicion in the crude analyses, but the effect disappeared when adjusted for age. In these analyses of these two kinds of cancer suspicion, OR for intuition in relation to cancer was highest when there was no symptom-based suspicion (OR 3.94, 95% CI 1.45-10.71) ( different countries, and a separate stratification for individual GPs. Both gave only minimal changes in ORs.
Diagnostic actions performed by GPs, symptomatic patients
Laboratory tests were performed for 45.4% of patients with abdominal symptoms. Imaging was ordered for 10.4%, and referral or hospitalisation was undertaken for 20.0%. For 26.4% of patients a follow-up appointment in general practice was arranged. None of these four options were used for 24.3% of patients ( Table 5 ).
Combinations of actions are shown in Table 6 .
Subsequent cancer patients had more of all three categories of investigation (P < 0.001) ( Table 5 ). Follow-up appointment with the GP did not differ for cancer and non-cancer patients. The frequency of each category of investigation, and followup appointment with the GP, increased with increasing age group, but for laboratory tests this gradient was not significant (P = 0.08). X-ray/imaging and referral/hospitalization were used relatively more for patients 55-74 years and relatively less for patients 16-29 years (P < 0.001). There were no differences between men and women in relation to actions performed (data not shown).
There were clear differences between countries in actions taken for patients with abdominal symptoms (Table 5 ). In Sweden, 11.8% of patients had no such further diagnostic action, compared to 45.3% of patients in Belgium and 33.2% in Scotland. Swedish GPs arranged more follow-up appointments in their own practice but referred less frequently. Danish GPs referred most frequently. Scandinavian GPs ordered more laboratory tests than GPs in the other countries (P < 0.001 for all these differences).
Discussion
The basis for cancer suspicion, and the importance of abdominal symptoms
Abdominal symptoms were common (10.1% of patients) and elicited cancer suspicion in more patients than did clinical findings and intuition. However, intuition based cancer suspicion was most strongly associated with subsequent cancer. We think these results suggest that, while symptoms give the GP a basis to consider a possible cancer, the complete clinical picture and the GP's experience and clinical competence [12] are necessary to guide further action. In clinical work, GPs should pay attention to the important role of clinically justified intuition and be careful to consider both symptom-based and intuition-based suspicion separately.
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How the GP acted
Active investigative and/or referral strategies were more frequent for the subsequent cancer patients than for the other patients: for example referrals and imaging were performed twice as often for patients who turned out to have cancer.
No further investigation or follow-up for one fourth of the patients with abdominal symptoms may seem like a relatively high proportion. A correlation has been shown between GPs' readiness to investigate symptoms indicative of cancer and cancer survival [13] .
Follow-up with the GP may represent a form of watchful waiting and safety netting. The increasing use of such follow-up with older patient age could be justified by the increasing multimorbidity and the increased cancer prevalence seen in ageing patients. However, given the value of the watchful waiting strategy, it was unexpected and may seem worrisome that follow-up with the GP was not greater for cancer than for non-cancer patients. Nonetheless, given that there was no cancer suspicion for one quarter of the subsequent cancer patients, it is perhaps only moderately surprising.
Even in the countries with the lowest rates of supplementary investigations, the number of actions performed may seem high in relation to finding 511 cancer patients. However, testing has more aims than diagnosing cancer, and it may be seen as encouraging that modern GPs have at their disposal many practical tests with discriminatory power in relation to cancer and other important diseases. The differences between countries may be related to the level of cancer suspicion, to practice traditions and within-country norms, and the availability of testing and referral. Possibly, blood testing and other laboratory analyses are more readily available in Nordic surgeries as point-of-care-tests. GPs' readiness to make subsequent appointments may vary with GP availability and workload. All GPs know the difficult balance between acting appropriately when needed, and avoiding unnecessary actions and cost. Possible actions in unclear clinical situations range from fast track referral to watchful waiting, and GPs try hard to find the best solution for individual patients.
Discussion within the context of the literature
Failure to appropriately suspect cancer may result from an insufficient medical history, lack of a focused clinical examination, inappropriate supplementary testing or follow-up of positive tests [1] , but also from lack of consideration of contextual data related to the patient and the patient environment [12] . A wellrecognised doctor's cognitive fallacy is to stop gathering new data after reaching a diagnosis and thus neglecting other possibilities, or to make symptoms fit a prototypical context or frame, missing atypical variants [14] . The GPs' reporting of intuition as an important basis for suspecting cancer, may be rooted in an
interaction between analytic and non-analytic processes during diagnostic work [15] . Such dual reasoning strategies have been shown to help diagnosticians overcoming misleading information [16] . Patient discourse may be vague and does not always help the GP identify a chief complaint [17] , although in our study symptoms had been recorded when there was cancer suspicion. GPs interviewed about how the thought of cancer arises in a consultation, discussed 'intuitive knowing' as a tacit feeling of alarm which could be difficult to verbalise, but nevertheless was helpful. Such intuition is built on basic knowledge, experience, and personal awareness [18] . We think such observations de-mystify intuition and give it a natural place in the diagnostic reasoning of GPs.
Previous cases, the GP's relationship with this particular patient, and cultural factors are some of the elements throwing light on how the patient presents an illness and how the GP interprets. Clinical observations rather than vague impressions may be the basis for "gut feeling" [19, 20] , this was neither apparent nor contradicted in our study.
No cancer suspicion for approximately one quarter of the subsequent cancer patients is similar to findings in a study of more general warning signs of cancer [21] . All the symptoms investigated are common, and they may have been vague or atypical in relation to cancer. The finding demonstrates that a GP must be willing to revise diagnostic thinking regarding a symptomatic patient on subsequent consultations.
We cannot assume that all cross-sectionally recorded symptoms were related to a subsequent cancer. In an earlier study based on medical records, a probable relationship between a 'warning signal' symptom and subsequent cancer was found in 17 of 20 patients with such symptoms [22] . Abdominal symptoms may or may not trigger cancer suspicion, and the GP's intuition may agree with or overrule what the symptom seems to suggest. Also, during an illness episode, symptoms as well as clinical signs and intuition may change with time.
We have not found other articles documenting examination and referral strategies when symptoms are presented to GPs. Patients typically express a preference for diagnostic testing even at relatively low risk levels [23] .
Abdominal symptoms presented in general practice require the same degree of attention as classical alarm symptoms [24, 25] . Because all such symptoms are unspecific and many are vague, the GP must gather further information for a rational follow-up and safety-netting in cancer detection [26, 27] . In our abdominal cancer patients, symptoms were recorded in only one third of the individuals.
Cancer can initially present in many ways, and no single symptom has close to a 100% sensitivity to any form of cancer. In our case, symptom registration was limited to one discrete time during the progression of the not yet diagnosed disease. Fortunately, many components of the diagnostic process contribute constructively to cancer suspicion [25] : clinical findings, supplementary testing, and as shown here, GP intuition.
GPs contribute to modern cancer detection guidelines [28] and are able to provide important triage and follow-up of patients, of large value to patients and society [29] .
Strength and limitations of the study
The prospective nature of the study ensured that neither the patient nor the GP knew about the cancer diagnosis at the time of symptom registration. This eliminates some of the bias inherent in observational retrospective and case-control studies. However, data from one consultation that may become part of an illness episode with a continuous pathway, will only be a point estimate of the GP's suspicion of cancer and inevitably underestimate the amount of symptom information and actions gathering with time until diagnosis. Continuity over time is an important aspect of general practice and implies repeated gathering and patient-doctor discussion of new information. The information presented in this article is limited to the two cross-sectional registrations, at Time 1 and Time 2.
Consecutive patients with face-to-face consultations were registered, with no selection bias. The detailed instructions supported consistent data recording across study sites, optimizing data quality. However, the GPs knew they were participating in a study about cancer diagnosis, and this may have made them more likely to suspect cancer and perform supplementary tests.
An important aspect of data validity is to what extent the GPs recorded all patients where the reason for consultation was related to abdominal symptoms, or only where the GP found an abdominal problem relevant. The GPs were instructed to record all instances where symptoms were presented by the patient, either on the patient's own initiative or if it arose during the consultation. The minimal changes in ORs for cancer suspicion when a conditional logistic regression analysis was performed with stratification on countries and on GPs, suggest that accounting for differences in the GPs' symptom registration did not affect conclusions.
Cancer patients are haphazardly distributed among GPs, but some cancer patients may have been missed when the GPs searched their records. Therefore, cancer patients in the cohort are similar to but hardly representative of all cancer in these countries Combining data from six countries with different health systems has its limitations and advantages. Our study benefits from a large sample size, and data reliability increases if country differences seem reasonable in relation to differences in the organisation of primary care. We find many similarities in the nature of general practice consultations across the six included countries, even if the respective Article No~e00328
health systems may introduce some country-specific limitations in follow-up and referral procedures [3, 8] . Documented variation may inspire re-thinking of one's own routines.
Implications for policy, practice and research
GPs initially may consider cancer located in the abdomen when abdominal symptoms spur a cancer suspicion. Abdominal symptoms do not seem to increase the possibility of non-abdominal cancer. However, this remains a challenge in general practice: to have in mind the unusual, especially when it is of high clinical importance. Therefore, in unclear cases, non-abdominal cancer sites should remain a relevant consideration during diagnostic work-up. In general, our study adds weight to the concept that GPs should have confidence in their traditional way of working with patients, combining evidence from clinical epidemiology and qualitative studies with tacit, experience based knowledge as a basis for listening and communicating in order to understand patient ailments.
Studies of symptoms must primarily come from primary care settings. Review articles about colorectal cancer from other settings hardly mention symptoms [30, 31] . Research data from the clinical setting in general practice provide important complementary insights to hospital data, especially when it comes to understanding the diagnostic pathway from first symptom to treatment of cancer. Our study adds to this understanding. The study further demonstrates the feasibility of setting up large studies in primary care in several countries, with benefits for study size and for understanding of differences between countries.
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